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FIGURE 1 
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Fig. 3c. R 9- 3d - 
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FIGURE 4 




Fig. 5c 
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FIGURE 7 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service tod supply industries* and more 
particularly to cocnplctmgwelbfw 

While drilling is taking place, the integrity of a well is controlled by s drilling mud of density 
that needs to be adjusted so that the hydraulic pressure of the mud column opposes the teaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapse of the wall, h 
is necessary to line the hole with metal casing. For this purpose, a certain number of easing 
tubes are placed end to end and lowered down the wdl, and are fixed to the wall of the well by 
cementing. Thereafter, drilling can c on ti n u e down to the next critical depth. 

Each newJy-driDtd length must be Hned with casing of outside diameter that is small enough to 
pass through the casing that is already in place at shallower depths. As a result the casing has i 
staircase structure with a hole that is large at the top of the well and much narrower at the 
bottom of the weO* Such a configuration is for from optimal' a large hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not favor production by good draining of the formation. 

Worse SOU, it often happens that the hole passes through unexpected critical zones even before 
boring has readied a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumsta n ces, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, which can lead to a wdl being 
abandoned if further difficult zones are encountered as drilfing continues. 
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It will also be understood that it b very difficult to repair damaged casing by installing new 
casing, without Ember sigmficantry reducing the lire of the hole and thus running the risk of 
preventing penetration of certain tooU or items of equipment that may be needed in the 
production zones, for example. 

Over the last few year*, the industry has developed new techniques of conmleting weUi or of 
completing then temporarily, to as to mhnrtrize the number of 'steps' and to increase the 
downhok diameter of the wdL 

Proposals hive thus been made to use a composite material comprising in expandable doth 

made of glass fibers impregnated with i»n-polymerized epoxy rem and having a rubber 

membrane covering its outside free which b directed towards the wan ^ 

appropriate laving tool, the membrane is applied against the wall of the hole or a damaged 

portion of caring, and the resin is caused to polymerize by beb* heated The nimd 

that technique is that it requires electrical power of the order of 1000 watts per linear meter, 

thus hmh±«iuarmlicati(» to treaty 

of lynthetic material cannot constitute a final replacement for metal casing since that needs to 
be capable, in particular, of wittetanoing treatments based on strong acids or other materials 
• (hat are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ductile material 
capable of withstandmg targe amounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
sccomrMwied by a reduction ate 

problems at the ends. Furthermore, the pressure required for expaj^ the tute^ 
US Patent 5 366 012 proposes a perforated Ewr*ovidedwta 

A mandrel having a targe diameter that is greater than the inside diameter of the perforated 
finer is used to expand the wall of the finer and the orifices become larger. nber-remforced 
cement can then be cast on either side of tbe Gner, and once the cement has set, the inside of 
the finer is bored again, thereby fcavtagacasing of film><*niem 

remforcement. The need for further boring after cenicnting constitutes a major drawback of 
that technique. In addition, in the above-mentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer is reduced. Finally, the riots must be 
pierced in compliance with very precise speculations, which leads to a manu&cturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that does not present 
the above-mentioned drawbacks of the art 

According to the invention, this object is achieved by t finer for completing a hole in an 
underground formation, the oner being constituted by a spiral-wound snip of spiral cross- 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the finer is circular in section. 

To complete a weD, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, e,g. a conical tool, so as to place the longitudinal edge in 
a touching position where they form a cylinder. A dosed continuous liner is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the (rewound casu^tf 

horizontal or mutt-lateral, given Hs small diameter m its contracted state which lends itself 
wel to being installed in narrow wells or in wefls of trajectory that impedes the towering of 
traditional casing segments. 

The finer of the invention is also weD adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drifting can ccntuue aid the enm^ 
the zone mat has already been completed, b subsequently completed in convetrnonal manner. 

The spiral casing of the invention can also be used for repairing casing that has been damaged, 
since the outside diameter of the spiral casing after expansion can be selected to be equal to or 
very sEghtry less the inside diameter of the casing that is already in place. 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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longitudinal axis of the finer. Alio preferably, the longitudinal edges have m crenellated section 
to provide mechanical engagement at a predetermined diameter. 

In a mote particularly preferred variant of the invention, the liner ii obtained by raffing up a 

strip about an axis that is at a certain angle relative to thetxy ofiyouw*ryoftheitfip.Uader 

tuch dreiimstaiicea. when tite Gna ia tt 

hefixarouwl the cylinder If tto 

figure is obtained whose length is not altered Iqr expansion. 

The finer oftneinventkw can be wound 

coiled tubing In order to complete tectioni that are of great length, it is possibk to weld 

together a plurality of shertt.ertnerdun^ 

using the coiled tubing technique; or else (firecth/ on me. 

The liner of the invention an be nude of roeui, eg. steel or iny other material having the 
desired degrees of elasticity and plasticity. It should be obse^tl^ifanignh/ elastic mrterial 
is selected, and providing it has not been cemented, then the finer of the invention can 
optionally be removed, thus nsaldngtempotatyplatmentspoasibfc 

Other details «nd advantageous charaiXeristka of the invention appear from the following 
description given with reference to the figures, in which: 

•figure I Ua diagrammatic view of a to esnb^ 

after expansion, shown in perspective (Figures la and lb) and in end view (figures la' and 
lb*); 

•figure 2 shows an expansion tool; 

• figure 3 shows an example of nKcharwal engagement using toothed edges (figures 3a to 
3d) and shows various profiles for such toothed edges; 

■Figure 4 uapesipective view of a liner m 
with toothed sections; 
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♦ Figure 5 shows a liner of the invention having longitudinal edge* constituting a double helix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

♦ Figure 6 shows an example of temporary completion using a liner of the invention; 

♦ Figure 7 shows a typical sequence for completion of i production zone; and 
-Figures sbowsa variam of aErjer of theirrve^ 



(Figures la and la 1 ) with overlap over an angle A. After expansion, the finer is circular in 
section and its longitudinal edges come into contact to constitute a closed peripheral surface. 

If the winding follows an Archimedes' spiral, then writing s for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 



where A, the overlap angle, b expressed in radians, and where the lengths De, Dc, and fi are 
expressed in the same units. 

With an overlap of 90* as shown in Figure 1 a, a liner having an outside diameter De of 17.8 
era (7^ and a thickness £ of 9J m 

(5.86*). For an overlap of ISO*, the expansion is dose to 50%. 

By way of example, the tool for expanding the finer of the invention can be constituted by a 
double cone assembly as shown diagrammaticalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of (fiameter 
similar to that of die spiral-wound finer in the contracted state, thereby enabling the spiral* 
wound liner to be pushed to the rone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 



The concept of the invention is shown in figure 1. A strip, e.g- ■ metal strip, is spiral-wound 
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it has been expanded. The enlarged zone 12 b preferably capable of being retracted at least in 

part tyrernomcoimxu means such uliyd^ 

of such menus as is conventional for ptaoemoit tooU M used in wdls. 

In the variant of the invention shown in Figure 3, the complementary fongjtudmal edge* are 
given teeth so as to form a mechanical lock. As can be seen more particularly in Figures 3a to 
3d, a toothed edge, in tins case an edge having three teeth, can provide ttoctiveeitgageiiient. 

It may also be observed that the Vxigitudinal edges have a contact area feeing in a general 

direction 7> at a non-wo angle relative to the normal to the longhudaalnAoftheBner. An 
angle ofabout45», and more gwfalh-h/h^m 

Other want toothed profiles are shown m Figure 3e, The nuniber of teem can 1* increased, 

or on the contrary, decreased, and it is possible to select profiles that are nearer to being 

square so as to achieve engagement that is closer to l>ehigoftheteiKm and mortise type, mail 

of the examples shown in Rgure3, the toothed edges follow a general direction ~D at a 

certain angle relative to the normal to the torighwfiiid a« of the ^ 

preferably such as to frinann* radial fiicboo forcea that tend to oppose sliding of the two 

compktncnttiyportioi^ 

expanding the spiral-wound Ena create radial friction forces Fc and Fd which tend to move 
the edges apart This separation force can be nuniinized w even elimh^ 
shape of the teeth. 

m forces Fa and Fb which assist b locking tf^fin^ 

angle A of the finer m the contracted posmon. Nevertheless, too much overlap also tends to 
increase the radial forces so that a balance inust lie found between the desa^ coefflc^ 
mpt ynnn and mechanical locking. 

The liner is expanded into the shape of a cone of dimensions that depend essentially on the 
geometry of the spiral-wound finer and on its elasticity, and to a smaller extent on the apex 
angle of the conical expansion tool. To Brort friction forces, it may be advantageous to select 
an expansion tool constituted by a cooe whose apex angle b dose to that of the "natural" 
expansion cone of the spiral-wound finer. 
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As ihown more particularly in Figure 4, the oris of the engagement teeth forms an angle B 
with the axis of the spiril-wound tube. This angle B has an optimum value lying between the 
"natural" expansion cone angle of the liner and zero, however zero u also acceptable. 

Figure 5 shows the most partkjularty preferred variant of the invention in which the finer is 
obtained by roBing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted position (Figure 5a), the edges form a double hefix 
around die finer. After expansion (Figure Sb), the two hefixes coincide and the junction fine 
winds helically around the finer. 

A particularly advantageous aspect of this geometry Bes in it being possible for expansion to 
be performed without changing the X length of the liner. It as shown in Figure 5c. the 
"diameters" of the finer are writtenDc and De (where index fi corresponds to the finer bong in 
the contracted state and index £ to the finer in the expanded state), and if the periods of the 
hefical curves followed by the longitudinal edges are written He and He (where the period of a 
hefix is defined as being the distance measured along the tongmufmtl axis of the finer between 
two corresponding points that are one complete turn apart around the cylinder of diameter Dc 
(or De if the case may be)), and if the length o f a longtfndina 1 odgc of the liner is written L for 
a finer whose total length is X, it can be shown that the length LU equal to: 



and that consequently, if the tape is rolled up to such a manner that T?"*"=f f then the length 
X does not vary. 

With thU double hefix cemfiguran^ 

liner is of thickness W, then the diameter after expansion is given by the equation : 




A A 
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Fminy,ii»thercon»ajoe«»oftogeometiyu 

m a pUne perpendicular to the axis of the finer during the expaiisioostagA If the ends of the 
double hefix finer are cut perpenmcularly to the tonghudmal axis, then after expansion these 
ends wffl define perfect circles in plane that are themselves perpendicular to the k»grwdmal 
axis of the finer. This disposition is particularly favorable for ensuring sealing of the 
completion at the <sds of the liner. 



Figure* 6 ind 7 are highly diagrammatic and show two examples of completion using a spiral- 
wound finer of the invention, it being understood that these examples are not Emhing in any 



way. 



In the example shown in Figure 6, the spiral-wound tube is used fix completing a zone in 
temporary manner. In a wdl in deep water, the problem nay be Aie to too sniafi a diflfcicnw 
between the fracturing gradient and the pressure of the formation. There may iherostivery be 
problems associated, for example, with the presence of formations that are highly unstable 
(clayey rock, sands, sans, etc.) in depletion zones, or other problems that are well known to 
the person skilled in the art. The financial consequences of such rones is generally out of all 
proportion to their length since anticipated completion thereof rernnres casing to be installed 
on an extra occasion, thereby reducing the diameter of the hole. 

The wefl has been drilled and casing has been installed in hs upper portion 1. Drilling has then 
continued beneath the casing shoe 2 to pierce a hole 3 that u substantial 
is not cased, prior to reaching a zone 4 oflength Lz whkh needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary completion using a finer of the 
invention. A. spiral-wound finer 5 is pushed towards the bottom of the wefl by means of a 
double conical expansion tool 6 fixed at the end of a tube 7 . The expansion tube is caused to 
mrve on (Figure 6b) so as to spread ipartttewalb 

diameter (Figure 6c). Once the liiier is 
the surfare and the b^b cemented ush^ 

shown hen. the finer is provided with opemngs 8 to allow cemm to paaa firo 
the finer towards the annutus 9 which is to be cemented, however it is dear that a < 
shoe could be used 
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After expansion, the inside diameter of the Gner is practically identical to the diameter of the 
hole b zone* where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to drifl through a cemented zone, and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
wed 

It is dear that additional tools such as a centralrzjcr couM be used in comfainatioa with the liner 
of the invention Abo, the finer is preferably fitted with endptcce* made of a material that is 
easily deformed and that » easy to drill (e.g. ahjmmumX thereby guaranteeing that the spiral- 
wound liner is properly expanded over its entire length. 

A typical sequence of using a spiral-wound finer of the invention for completmg a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and k a then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown m Figures, it is 
preferably covered in a grid which may be fixed thereto, e g by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside free of the liner, facing towards the 
waH 

It should be observed that die sur&ce area of the roBed-up Strip remains unaltered during 
expansion so wells are not weakened by the spiraKwound finer of the urvoUkm being put into 
place and expanded For the same reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a maimer that » entirely 
independent of the diameters in the contracted state and in the expanded state. This makes it 
possible, in particular, to obtain a liner that u very strong in association with greater stabffity 
and longer file of the wdl. 



09/18/2000 18:23:13 page -15- 



-10- 

sinceit 



For»horizooUlwefl,»ipW-wo«iidlina 
can be placed very dose to the tarnation, even in the upper portion of the finer, md thM U 
often not the esse whh i eorventional finer thrtUneaptble of being eoinwaei 

So long es it has not been cemented, a spiral-wound finer can be withdrawn by means of a 
ipedal tool which separata the loogjudmal edga » u to allow tte 
return to a state similar to that of its tidal ooon^ state. If auchwhhdtawal is expected 
any after several months of years, care should be takm to nse a tnaterial that b capable of 
ro tating its autte propcrtks over sach a long period of time. 

The geometry of the spusl-wound finer of the invention is entirely compatible with mass 
production at low cost. For example, it is possible to use metal itrips (where necessary strips 
that are welded together) that are pierced ma predefined pattering by punc^ 
rollers or by mbydiauHcprw havings 

continuously to as to give them a toothed profile, and grids may nmilariy be welded at least 
.long one of the longitudinal edges before winding into a spiral. Finally, the strip may be 
spiral-wound diroctJy and then cc^eiihw 



!ngenOTd,nbprefefaHetop*youtah»ofte 

once the section to be completed i, long, end more refiibk since connections are omitted. 

Nevertheless, ft U equally iK«ible to use Ih^ 

zone by repeatedly placing and expanding lengths of tiner. 
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CLAIMS 

1/ A finer for completing a hole in an underground formation, the finer being constituted by t 
spiral-wound strip, hs longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in section 

2/ A finer accenting to daira I, characterized in that the longitudinal edges define a contact 

surface of general (firectkm £>* lying in a plane that forms a non-zero angle relative to the 
bn^tudinal axis of the liner. 

3/ A finer according to claim 2, characterized in that said ingle formed by the general direction 
D of the contact surface lies in the range 30° to 60° 

4/ A finer according to any preceding claim, characterized in that the touching loiuptucfinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding claim, characterized in that the finer is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
atrip. 

HI A finrr aflt urdi Hg any pmflfrP^fl ekm nrtrnrrA fa that it k provided with opgfting*- 

7/ A finer according to claim 6, characterized in that it is covered in a grid. 
8/ A finer according to claim 7, characterized in that the grid is wdded oa 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip it opened untfl i circular section is obtained by means 
of a corneal placement tool for putting the longrtitrTmal edges into a touching position 

10/ A method according to claim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to daims 9 or 10, for temporary completion of zones 
that are depleted or unconsofidated. 
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12/ The use of the method accormhg to dam 9 or 10, for repairing* casing. 

13/ The use of the method of cUini 9 for completing t production zone. 

14/ A system for completing t hole In in underground formation, characterized in that it 
includes a finer according to any one of claims I to S and an expansion tool suitable for 
splaying apart the tortgrtudinil edges until they tike up a position where they touch each other 

1 5/ A tool for withdrawing a finer according to any one of daims 1 to 8, the tool comprising 
means for moving the longitudinal edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a (fiaroeter that b small enough to enable the liner to be extracted from 
thewdL 
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